Relatively little is known about soil climate in Antarctica. The purpose of our research was to describe a cooperative soil climate monitoring project in the McMurdo Dry Valleys and other ice-free areas of the Ross Island Region of Antarctica. There are seven soil climate stations that monitor air temperature, relative humidity, wind speed and direction, solar radiation, and soil moisture and temperature in which hourly measurements are recorded. The initial project objective, in 1999, was to determine the impact of fuel spills on the biological, chemical, and physical properties of Antarctic soils, which was lead by Landcare Research of New Zealand. When the initial project ended in 2002, the control sites were continued as long-term monitoring stations. At each site, soils were described and sampled for characterization analyses. The soils are coarse textured with significant amounts and sizes of coarse fragments throughout the profile with little soil development (or horizonation). Mean annual air temperatures (MAAT) range from −17 to −24°C. The mean annual soil temperatures (MAST) range from −14.6 to −23.5°C. The average maximum thaw depth ranged from 5.5 cm to more than 85 cm. Average active layer water contents are low and tend to increase with depth. The data, soil descriptions, soil characterization data, and station records from this project are available through the National Soil Survey Center's web page (http://soils. usda.gov/survey/scan/; verified 22 June 2009). As long as the project continues, annual maintenance and data retrieval are necessary. The importance of this project is that it provides NRCS an opportunity to gather data in an area sensitive to global climate change. A ntarctica, the coldest place on earth, has an area of about 14 million km 2 (Fig. 1) . About 98% of the continent is covered by ice, which averages about 2100 m thick. This vast ice sheet contains the earth's largest fresh water reserve. Of the ice-free ground, only 0.3% is available for soils to form (Campbell and Claridge, 2004) . These ice-free areas are widely scattered and occur along the Transantarctic Mountains, around the margins of the continent, and in the Antarctic Peninsula. The
McMurdo Dry Valleys is a large ice-free area (about 6000 km 2 ) located along the western coast of the Ross Sea (Fig. 1) . These valleys are not ice covered primarily because the Transantarctic Mountains block ice from the polar plateau and keep it from flowing through the valleys. In addition, on the valley floors, the potential evaporation greatly exceeds the annual snowfall of about 1 cm per year (Bromley, 1986) , producing an extremely arid environment. These valleys are considered cold deserts. The Antarctic ice-free regions are unique, and their soil moisture and temperature regimes have not been extensively studied (Wall, 2004 The initial project consisted of three sites that were chosen because they had known fuel spill areas. One site is close to Scott Base, the New Zealand research support station. Another is at Marble Point, where there is a helicopter refueling station. This area was subjected to extensive grading, blasting, and excavation and contains many fuel spills as a result of study for a possible air strip and nuclear reactor powered base (Broadbent, 1994 ing (Fig. 11) . The site is above a cliff that is next to an ice fall ( Fig. 12) located at the head of the Upper Wright Glacier.
Soils
In general, Antarctic soils form in a low-temperature environment that includes permafrost where mineral alteration, salt accumulation (including carbonate formation), and horizon differentiation occur in the ture were added to the fuel-spill affected soils. Antarctica New Zealand, a government agency that manages Scott Base and most of New Zealand's Government-supported activities in Antarctica, provided logistical support. Victoria, a pro-glacial lake abutting the upper Victoria Glacier (Fig. 4) .
The Bull Pass Station is located on the footslope of the side of an outwash terrace below Bull Pass in the Wright Valley (Fig. 5 ). This station is at an elevation of 150 m (500 ft).
Four of the stations border the Antarctic coast (Fig. 2) . The southern most station, Minna Bluff, is adjacent to the Ross Ice Shelf and is located on patterned ground (Fig. 6 ). The patterned ground area is relatively flat, but is bounded to the north and east by areas of strongly hummocky material (relief of up to about 10 m, [33 ft]), which shows evidence that ice melt-out is occurring, and there are numerous "kettle"
lakes. The Scott Base Station is on Ross Island, which borders both the Ross Ice Shelf and the Ross Sea. This station is situated about 100 m (328 ft) uphill from Scott Base on the back slope of a side slope at an elevation of 38 m (Fig. 7) . Moving north, the next coastal station is Marble Point, which is at an elevation of about 48 m (160 ft). This station borders the Ross Sea and is located on the nose slope of a fluvial terrace about 800 m (2624 ft) from the Wilson Piedmont Glacier (Fig. 8) . The northern-most coastal station is Granite Harbor, which is at an elevation of 4.5 m (15 ft) overlooking Granite Harbor (Fig. 8 ). This station borders the Ross Sea and is 195 km (120 miles) north of the Minna Bluff Station. This station is located on a narrow (~60 m wide) fan/lateral moraine between a cliff face and the edge of sea ice in Granite Harbor ( Fig. 9 and 10) .
A station was established on Mt. Fleming at the head of the Wright
Valley and adjacent to the polar plateau (Fig. 2) . The Mt. Fleming station is the highest at an elevation of 1700 m (5600 ft). This station is located on patterned ground within a cirque, on the north side of Mt. Flem- Fig. 7 . A soil climate station on Ross Island just uphill from Scott Base. In the background behind Scott Base is the Ross Ice Shelf and on the horizon at the right is White Island. Center (NSSC). Soil surfaces at all the sites have desert pavement. A good example of strong desert pavement is at Mt. Fleming (Fig. 13) . The soils are coarse textured, with varying amounts of gravel, stones, and boulders throughout the profile. The finest textures were found at Bull Pass, consisting of sandy loams and fine sandy loams in the subsoil.
Granite Harbor has the most boulders (Fig. 7) . Weathering of rocks was observed at the surface and generally decreased with depth. Weatheruppermost layers (Tedrow, 2004) . Antarctic soils also have negligible organic matter contents, very low moisture contents, and progressive reddening with increasing age (Campbell and Claridge, 1987) . Plants are virtually absent in the study area (Victoria Land), and the soils are microbial dominated ecosystems (Aislabie et al., 2006) .
Soils pits were opened near each climate station, and soils were described and sampled for characterization at the National Soil Survey Fig. 13 . Photo of strong desert pavement at the Mount Fleming soil climate station. 
20-W solar panel. All power is regulated through a 12-V charging regulator
(model CH100 or CH12R; Campbell Scientific) that is mounted inside the enclosure. The batteries provide continuous power during the dark winter months. The enclosure was mounted on a 10-ft galvanized steel tripod with a mast and crossarm (model CM10; Campbell Scientific). The tripod is secured to the ground with rebar stakes and guy wires.
Measurements of atmospheric variables are made at 10-s intervals, and soil measurements are made at 20-min intervals. All measurements are averaged every hour, and the hourly averages recorded. Data must be downloaded from the datalogger annually. As long as the project continues, annual maintenance and data retrieval are necessary.
Climate Summary
Mean annual air temperatures (MAAT) range from −17°C at Granite
Harbor to −24°C at Mt. Fleming ( In Antarctic soils, the balance of surface radiation is perhaps the most important thermal factor because it determines the amount of energy available to heat the soil (Campbell and Claridge, 1987) .
Mean annual relative humidity percentages ranged from 49% at Victoria Valley to 70% at Scott Base (Table 1 ). The higher elevation and more inland sites are less humid than the four coastal sites. The Bull Pass station does not have any relative humidity data at this time. The lower the relative humidity, the more energy that is available to evaporate water from soil. In these low precipitation environments, there can be a net flux of water vapor from the ice-cemented layer to the atmosphere (McKay et al., 1998) .
Mean annual wind speeds ranged from 3 mph at Marble Point to 22.5 mph at Mt. Fleming (Table 1) . Minna Bluff and Mt. Fleming are the windiest sites with Minna Bluff recording the greatest maximum hourly average wind speed of 100 mph.
The active layer is the seasonally thawed layer (freezes in winter and thaws in summer) above the permafrost or the depth of maximum seasonal penetration of the 0°C isotherm (Guglielmin, 2006) . Maximum active layer thickness (or 0°C isotherm depth) was determined by linear interpolation between sensor depths for each hourly average soil temperature time frame. The average maximum thaw depth ranged from ing characteristics of surficial rocks are an important part of Antarctic soil descriptions because they can provide the first clue to weathering or age differences between land surfaces and their soils (Campbell and Claridge, 1987) . Color was mostly of the individual grains, but tended to be somewhat darker closer to the surface, due to weathering or reddening from oxidation of Fe-bearing minerals. Also, rocks that comprise the parent material have a strong influence on the color developed in the soil profile (Campbell and Claridge, 1987) . Soils were usually structureless, consisting of single grain or massive material, with loose to very friable consistence. Salt accumulations tended to be in the upper horizons, ranging from trace to 2% total salts. Accumulation of some salts below individual rocks was observed at some sites. Sodium adsorption ratios were generally high (>15%). Bockheim (1997) indicated that in the Dry Valleys region the salts reflect the composition of polar snow and originate primarily from atmospheric deposition. Some carbonates were present at some sites, with the most found at Minna Bluff (3-5% CaCO 3 ). Organic matter contents were negligible to nonexistent. Ice-cemented material was found at depth at all the sites except at Bull Pass. Soil that is below freezing, but has insufficient moisture to cement the soil is dry-frozen. Bull Pass had dry-frozen permafrost that was described as brittle material. Dry-frozen soil often occurs between the ice-cemented material and the active layer. Dry-frozen permafrost is thought to be unique to Antarctica (Bockheim et al., 2007) .
Instrumentation
Soil temperature sensors were installed at various depths down to 120 cm, and soil moisture sensors were installed at various depths in the active layer. Soil temperature is measured with both multiple therm- Data from this monitoring project are shared with the Circumpolar Active Layer Monitoring (CALM) program as part of their network (Brown et al., 2000) . The primary goal of the CALM program is to observe the response of the active layer and near-surface permafrost to climate change over long (multi-decadal) Table 2) . At Granite Harbor, the maximum thaw depth exceeds the depth of the temperature sensors.
The active layer (or thaw depth) can show a large variability both in space and in time, responding sensitively to climate changes (Guglielmin et al., 2003) .
The average water contents in the active layer of soils at the sites are very low and tend to increase with depth (Table 3) Valleys. These valleys have low temperatures, low precipitation, and desiccating winds that produce an extreme-cold desert condition. The very low water contents of Antarctic soils result in low heat capacities, low thermal conductivities, and relatively high thermal diffusivities .
Significance of Soil Climate Data
Relatively little is known about soil climate in Antarctica and the effect that it has on other processes, such as weathering, and on the pedogenic behavior of cold and dry soils. Also, soil moisture and tem- Most importantly for the NRCS, this project provides an opportunity to gather data in an area sensitive to global climate change. A long-term record of soil climate provides base-line information for global climate change and active layer thickness monitoring (Brown et al., 2000) . Also, long-term data will be useful for defining normal conditions, departures from normal, trends, and cyclic events. It will also provide information on the magnitude of year-to-year variability. 
